Background {#Sec1}
==========

Each year, during the Ramadan month, millions of Muslims with cardiovascular risk factors observe obligatory fasting from early down to dusk. Ramadan fasting (RF) has been shown to be associated with vascular and metabolic disorders including glycemic control and lipid profile \[[@CR1]--[@CR3]\]. It may also alter pharmacologic properties of some medications resulting from the change in eating patterns and physiologic parameters disturbances \[[@CR4]--[@CR8]\]. Although patients with coronary artery disease (CAD) under antiplatelet therapy may be exempted from RF, many of them still insist to observe strictly their fasting. Clopidogrel is widely used and plays a pivotal role in reducing recurrent thrombotic events in patients with CAD, but the wide response variability of patients to this agent could lead to pharmacodynamics failure \[[@CR9], [@CR10]\]. Clopidogrel resistance has been documented in the range of 5--44% across the world and has been associated with adverse thrombotic events \[[@CR11]--[@CR13]\]. This is particularly true in patients type 2 with diabetes mellitus (DM) known for their suboptimal response to antiplatelet agents \[[@CR14]--[@CR16]\]. Consequently, accurate assessment of clopidogrel response during RF may have potential implications with regard to the delicate balance between thrombosis and bleeding in the monitoring of patients under antiaggregating agents. Investigating this issue is now possible as several assays are available to measure platelet reactivity in order to better predict ischemic and/or bleeding complications \[[@CR17]\]. Currently, it is not clear whether RF affects platelet reactivity in patients already treated with clopidogrel. This study was planned to assess the effects of RF on clopidogrel resistance in patients at high cardiovascular risk and especially those with DM.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

This was a prospective observational study that was carried out in a group of patients having at least two currently accepted cardiovascular risk factors classification \[[@CR18]\]. Patients were recruited from academic and non-academic medical centers serving a population of 500.000 Tunisian inhabitants. Participants were screened in outpatient clinics (cardiology, endocrinology, internal medicine, family medicine) when they presented for scheduled follow-up. Selection was based on the participant's decision to fast, while taking clopidogrel therapy for at least 6 months. Exclusion criteria included patients under 40 years or those with unstable diabetes, acute coronary syndrome within the past year prior to enrollment, current or previous (14 days) use of glycoprotein IIb/IIIa, inability to give informed consent, baseline platelet count \<100 × 10^6^/L, current use of antidepressants, and chronic disease with \<1 year expected mortality. The study was approved by the Institutional Review Board of Fattouma Bourguiba University Hospital and all patients provided written informed consent. After screening, the study design and requirements were thoroughly explained to the participants.

Methods {#Sec4}
-------

The study was conducted during 4 years (2010--2014) with three separate assessment visits in each year: 1) the last week before Ramadan (Pre-R) which represented the baseline period; 2) the last week of Ramadan (R); 3) and during the last week of the month following Ramadan (Post-R). Each patient served as his own control and was required to take the prescribed clopidogrel dose daily and chart the intake in a dosing diary. The duration of fasting was approximately 12 h from sunrise to sunset (the time of abstinence from food) during a 30 day period. The assessment in each of the three visits involved clinical exam and blood sampling for hematologic and metabolic tests.

### Clinical assessment {#Sec5}

Body weight and height were performed by a well-trained staff member. Weight was measured while the subjects were minimally clothed without shoes using digital scales and recorded to the nearest 0.1 kg. Body mass index (BMI) was calculated as body weight (kg) divided by squared height in meters (m2). Physical examination was carried out in all participants including systolic (SBP), diastolic (DBP) blood pressure, and heart rate. The visit is completed by a questionnaire on diet beginning 2 days before the blood sampling. No special nutritional regimen was applied to the participants during the study. All subjects were encouraged to continue their usual lifestyle and activities. The rate of hypoglycemic (symptomatic and non-symptomatic) and hyperglycemic episodes requiring ED admission was recorded within the three periods of the study. Hypoglycemia was defined as blood glucose \<3.5 mmol/l. Compliance to current treatment (clopidogrel, oral hypoglycemic agents, statins...) was assessed by the attending physician based on interview and pill count. Venous blood samples were collected from the enrolled participants during the three time points. The time of blood sampling in the study was 9--10 a.m., at which all participants were fast. For the purpose of the study, we asked our patients to take clopidogrel treatment as late as possible. As Ramadan month during the study period has coincided with summer season, clopidogrel was generally taken between midnight and 1 am. We added this detail in the paper.

### Hematological parameters and clopidogrel response assays {#Sec6}

Blood samples were analyzed directly for hemoglobin, hematocrit, and platelet cell count. Prothrombin time and (PT) activated partial thromboplastin time (APTT) were studied in fresh samples. Platelet reactivity was assessed by the Verify Now P2Y12 point-of-care assay (Accumetrics, San Diego, CA, USA) using venous blood samples collected in tubes containing 3.2% sodium citrate. Verify Now P2Y12 specifically evaluates clopidogrel effect on P2Y12 receptor by optical turbidimetry. Results are reported as P2Y12 reaction units (PRU); the lower the PRU value the higher the platelet aggregation inhibition by clopidogrel. High platelet reactivity after clopidogrel (clopidogrel resistance) was defined at two cutoff values (PRU ≥ 235 \[[@CR19]\] and ≥208 \[[@CR20]\]). Reading recorded by the study team was not revealed to patients and their primary physician.

### Metabolic measurements {#Sec7}

An automated analyzer (Beckman Coulter DXC 600, UK) measured the concentrations of biochemical parameters using the appropriate reagents (Beckman Coulter, UK). Glucose, uric acid, total cholesterol (TC) and triglycerides (TG) were determined using an enzymatic colorimetric method (glucose oxidase, uricase, lipoprotein lipase-glycerol kinase reactions, cholesterol esterase-cholesteroloxidase reactions, respectively).High-density lipoprotein cholesterol (HDL-C) concentrations were determined by immuno-inhibition. Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula: LDL-C (mmol/L) = TC -- HDL-C -- TG: 2.2.

Statistical analysis {#Sec8}
--------------------

All continuous data are presented as either the median with interquartile range (IQR) or the mean with SD according to the distribution of the data. The categorical data are presented as the percentage frequency of occurrence. The Kolmogorov-Smirnov test was performed to assess the normal distribution. Each subject served his own control by comparing his/her values before Ramadan with those during and after Ramadan. Differences between results were analyzed using paired samples t test for normally distributed parameters and Wilcoxon signed Rank test for not normally distributed parameters. Statistical significance was considered at *p* \< 0.05 for all tests. Comparison was performed between patients with and without DM. Statistical analyses were conducted by using SPSS statistical software (version 11.5, SPSS Inc. Chicago, IL).

Results {#Sec9}
=======

One hundred eighteen patients under clopidogrel were included. From these, 20 patients (16.9%) were excluded from the analysis due to incomplete data at follow-up (*n* = 10), stop fasting (*n* = 6), and noncompliance with clopidogrel treatment (*n* = 4). At the completion of the study, 98 participants had been followed up throughout the study (Fig. [1](#Fig1){ref-type="fig"}). Demographic and clinical characteristics of the participants are summarized in Table [1](#Tab1){ref-type="table"}. The mean age was 59.1 ± 10 years and 87,7% were men (*n* = 86). Most of the participants had at least 2 to 3 cardiovascular risk factors mainly dyslipidemia (77.5%) and DM (64.3%). Dual therapy with clopidogrel and aspirin was prescribed in 90 patients (91.8%) (Table [1](#Tab1){ref-type="table"}). Mean blood pressure and heart rate did not change significantly between the three periods. Weight and BMI decreased significantly during RF and returned to baseline values at post-R period (Table [2](#Tab2){ref-type="table"}). Caloric intake decreased slightly during RF and increased thereafter but all00these changes were not significant as was the distribution of caloric intake between glucids, lipids and proteins. Mean time intervals between clopidogrel taking and Verify Now testing was 9 ± 1 h at pre-R, 10 ± 1 h at R, and 10.5 ± 2 h at post-R. The time intervals were similar for the three visits (*p* = 0.68). Results of platelet reactivity at each time point for each period are presented in Table [3](#Tab3){ref-type="table"}. Overall, PRU values increased significantly from pre-R to R and post-R periods (absolute increase +13 and +11 respectively; *p* = 0.03). In patients with DM, the absolute increase of PRU values from baseline was +27 during RF (*p* = 0.01) and +16 at post-R period (*p* = 0.02) (Fig. [2](#Fig2){ref-type="fig"}). Conversely, in non DM participants changes of PRU values were not significant between the three periods. In the overall group, the rate of clopidogrel resistance did not change significantly between the three periods whether using a PRU cutoff at 235 or 208 (Table [3](#Tab3){ref-type="table"}). Using the cut off 208, the rate of patients with DM who were resistant during Ramadan and post-Ramadan periods compared with baseline was respectively 60.3% and 55.5 vs 52.3%, (*p* = 0.22). In the overall population no significant differences were observed during the three periods regarding hemoglobin, hematocrit, platelet count, prothrombin time, and activated partial thromboplastin time (Table [4](#Tab4){ref-type="table"}). Glycemia was significantly higher during Ramadan (10.4 ± 4.7 mmol/L) compared to baseline (9.6 ± 4.9 mmol/L) (*p* = 0.003). Glycemia decreased after Ramadan fasting to 9.9 ± 4.8 mmol/L. Similar changes of glycemia were observed in patients with DM. With regard to serum lipid in DM patients, the following changes were observed: serum TG levels also increased significantly from 1.65 ± 0.87 mmol/L at baseline to 2.26 ± 1.91 mmol/L at Ramadan period (*p* = 0.002) and 1.74 ± 0.90 at post-R period (*p* = 0.01); HDL cholesterol decreased during Ramadan period from 1.01 ± 0.27 mmol/l at baseline to 0.93 ± 0.22 mmol/L (*p* = 0.001) during Ramadan, and returned to baseline values at post Ramadan period (1.02 ± 0.15 mmol/l). Serum lipids did not change significantly in non-DM patients. The other metabolic parameters (serum cholesterol, LDL cholesterol and uric acid) did not show significant changes between the three periods in patients with and without DM (Table [4](#Tab4){ref-type="table"}). Non-symptomatic hypoglycemic events were reported in one participant before Ramadan, in three participants during Ramadan (two in DM and one in non DM patients), and in two participants after Ramadan. None of these events required ED admission. No participant was hospitalized for hyperglycemic complication.Fig. 1Study profile Table 1Baseline CharacteristicsTotal *n* = 98Age years (mean ± SD)59.1 ± 10Male gender; *n* (%)86 (87.7%)Cardiovascular risk factors *n* (%) Dyslipidemia76 (77.5) Diabetes63 (64.3) Arterial hypertension61 (62.2) Smoking58 (59.2) Coronary artery disease48 (48.9) Number  260 (61.2)  327 (27.5)  ≥ 411 (11.3)Treatment *n* (%) Aspirin90 (91.8) Statins81 (82.6) Oral antidiabetics63 (64.2) Enzyme converting inhibitors59 (60.2) Beta-blockers42 (42.8) Diuretics20 (20.4) Angiotension receptor antagonists12 (12.2) Vitamin K antagonists5 (4.9)Clopidogrel indications Coronary artery disease90 (91.8) Peripheral artery disease8 (8.2) Table 2Clinical and caloric intake changes during the three protocol periodsPre-Ramadan\
mean (SD)Ramadan\
mean (SD)Post-Ramadan\
mean (SD)Systolic arterial pressure (mmHg)139 (24)137 (24)136 (24)Diastolic arterial pressure (mmHg)79 (12)77 (12)78 (12)Pulse (b/min)78 (12)81 (14)79 (14)Weight (kg)83.2 (11.2)81.7 (11.1)^\*^82.9 (13.9)^£^Body mass index (kg/m^2^)29.5 (3.7)29.0 (3.6)^\*^29.6 (3.7)^£^Caloric total intake (kcal/j)2156 (449)2035 (455)2209 (551) Carbohydrate intake (%)55.2 (8.3)56.8 (7.3)55.1 (8.8) Protein intake (%)17.4 (3.9)17.3 (3.4)17.3 (4.8) Fat intake (%)27.4 (7.8)25.7 (6.7)27.6 (8.3)^\*^ *p* \< 0.05 between Pre-Ramadan and Ramadan, ^£^ *p* \< 0.05 between Ramadan and post-Ramadan Table 3Platelet reactivity and clopidogrel resistance in patients with and without diabetes mellitusAllDMNon DM*n* = 98*n* = 63*n* = 35Pre-Ramadan PRU median (IQR)199 (157--251)200 (157--253)196 (157--248) Clopidogrel resistance *n* (%)  PRU \> 23536 (36.7)23 (36.5)13 (37.1)  PRU \> 20848 (48.9)33 (52.3)15 (42.8)Ramadan PRU median (IQR)212 (169--257)227 (176--261)^\*^200 (159--252) ^£^ Clopidogrel resistance *n* (%)  PRU \> 23539 (39.7)27 (42.8)12 (34.2)  PRU \> 20854 (55.1)38 (60.3)16 (45.7)Post-R (*n* = 109) PRU median (IQR)210 (166--251)216 (176--247)^\*^202 (153--254) Clopidogrel resistance *n* (%)  PRU \> 23539 (39.7)23 (36.5)16 (45.7)  PRU \> 20852 (53.0)35 (55.5)17 (48.5)*DM* diabetes mellitus^\*^ *p* \< 0.05 compared to Pre-Ramadan.^£^ *p* \< 0.05 compared to patients with DM Fig. 2Median of absolute PRU change from baseline during and after Ramadan. \**p* \< 0.05 between Ramadan and Post-Ramadan Table 4Biological changes during the three protocol periodsAllPatients with DM *n* = 63Patients without DM *n* = 35Pre-Ramadan\
mean (SD)Ramadan\
mean (SD)Post-Ramadan\
mean (SD)Pre-Ramadan\
mean (SD)Ramadan\
mean (SD)Post-Ramadan\
mean (SD)Pre-Ramadan\
mean (SD)Ramadan\
mean (SD)Post-Ramadan\
mean (SD)Hematological Hemoglobin g/dl13.3 (1.2)13.6 (1.5)13.4 (1.3)13.1 (1.1)13.3 (1.3)13.1 (1.2)13.8 (1.1)14.1 (1.4)14.0 (1.1) Hematocrit %41 (5)41 (4)40 (4)41 (4)40 (4)39 (4)42 (7)42 (4)41 (4) Platelets count × 10^3^/ml216 (22)214 (21)216 (24)214 (24)212 (24)209 (23)214 (22)216 (23)225 (22) Prothrombin time (sec)10.8 (0.6)10.9 (0.6)10.9 (0.5)10.9 (0.5)11.1 (0.5)11.1 (0.6)11.1 (0.7)11.0 (0.5)10.9 (0.5) APTT (sec)36.6 (1.6)37.0 (1.8)37.4 (1.7)38.0 (2.5)39.9 (4.2)40.7 (4.7)39.2 (2.5)40.1 (3.8)39.0 (2.8)Biochemical Glycemia mmol/l9.6 (4.9)10.4 (4.7)^\*^9.9 (4.8)11.40 (5.05)12.23 (4.81)^\*^11.50 (4.77)6.49 (2.39)7.04 (1.55)6.78 (3.01) Cholesterol mmol/l3.82 (1.19)3.87 (1.26)3.90 (1.21)3.76 (1.13)3.82 (1.33)3.86 (1.21)4.02 (1.35)4.15 (1.19)4.28 (1.24) Triglycerides mmol/l1.76 (1.04)2.23 (1.16)^\*^1.90 (1.17)^£^1.65 (0.87)2.26 (1.91)^\*^1.74 (0.90)^£^1.95 (1.28)2.16 (1.46)2.20 (1.52) LDL cholesterol mmol/l2.02 (0.97)2.98 (0.97)2.0 (0.98)1.86 (0.87)1.99 (0.87)2.06 (0.95)2.12 (1.20)2.20 (1.06)2.25 (1.06) HDL cholesterol mmol/l1.01 (0.27)0.93 (0.22)^\*^1.02 (0.15)^£^1.01 (0.29)0.90 (0.23)^\*^0.97 (0.27)1.01 (0.23)1.0 (0.2)1.05 (0.23)*DM* diabetes mellitus, ^\*^ *p* \< 0.05 between Pre-Ramadan and Ramadan, ^£^ *p* = 0.001between Ramadan and Post-Ramadan*APTT* activated partial thromboplastin time, *LDL/HDL* low-density/high-density lipoprotein

Discussion {#Sec10}
==========

Our results showed that platelet reactivity increased significantly during RF essentially in patients with DM and persisted 1 month later. These effects were associated with a significant increase in glycemia and serum TG levels and decrease of HDL cholesterol. In patients without DM, no significant changes were observed. No significant clinical event related to RF was reported during this study.

Antiplatelet agents are one of the most frequently used drugs in clinical practice. With regard to their wide pharmacodynamic variability, RF could significantly modify the response to these drugs. Multiple factors including changes in glycemic control and lipid profile may influence platelet reactivity and response to antiaggregating agents during RF. Patients with DM are particularly exposed to this hazard given their adverse metablolic features and comorbidities that could affect platelet function \[[@CR21], [@CR22]\]. Although the mechanisms for clopidogrel resistance related to RF are probably multiple in diabetic patients, inadequate metabolic control might be one of the contributor factors \[[@CR23], [@CR24]\]. Major glycemic excursions associated with RF may lead to non-enzymatic glycosylation of platelet membrane proteins changing their structure and conformation and consequently their function \[[@CR25], [@CR26]\]. Hyperglycemia may also affect platelet clopidogrel response through an increase of superoxide production or inflammatory markers discharge \[[@CR20]\]. Geisler et al. \[[@CR27]\] reported that diabetic patients with hyperglycemia had increased amounts of inflammatory markers in comparison to normoglycemics and non-diabetic patients. They showed that higher levels of inflammatory markers correlated with decreased response to aspirin and clopidogrel dual therapy, and found that hyperglycemia positively correlated with increased thrombus formation. In the present study, we showed that higher PRU values related to fasting was associated with a significant increase of serum triglycerides and decrease of HDL cholesterol which suggest that RF may have a lipid-related prothrombotic action. The fact that these parameters increased in the same time does not prove of course that the higher PRU values are caused by metabolic changes during Ramadan. Decrease in fish and olive oil consumption with increase of fatty acids mobilization from adipose tissue during RF could have a detrimental effects on serum lipid composition and may contribute to promote suboptimal response to antiplatelet agents. Although we demonstrated an increase of PRU values during and after RF, we did not observe higher rate of clopidogrel resistance as defined by the two cut-offs currently accepted. Early studies suggested that optimal threshold is between 230 and 240 PRU \[[@CR28], [@CR29]\], while post-hoc analysis of GRAVITAS suggested a somewhat lower cut-off, 208 PRU \[[@CR30]\]. In our study, we used both PRU values and we demonstrated similar results and a trend to award a resistance increase with RF in DM patients. As optimal antiplatelet inhibition is essential in DM patients with CAD, we believe that those with borderline PRU values should be considered at increased risk of clopidogrel resistance during and after RF and should be managed on this basis.

Limitations {#Sec11}
===========

First, the number of DM patients is almost twice the number of non-DM patients. The fact that no differences in platelet reactivity during Ramadan fasting found in non-DM patients, could be explained by the lower number of patients. Of note, predominance of patients with DM could be expected since many participants were recruited from outpatient endocrinology clinic.

Second, although we attempted to verify compliance to clopidogrel and the treatment regimens during the three study periods, we cannot absolutely rule out inadequate compliance. Third, only the VerifyNow P2Y12 assay was used in our study to evaluate platelet function. We should note that except for a few, there are no head-to-head comparison studies between the most commonly used tests. Based on available evidence, diagnostic performance of VerifyNow assays is comparable to light transmission aggregometry which is the most widely accepted test of platelet function both in terms of biological and clinical endpoints. In addition, the Verify Now was validated in sufficiently large sample size for prediction of stent thrombosis and bleeding which justify our choice. Finally, this pilot study was not designed (size, limited follow up) to assess associations with clinical outcomes. Larger prospective studies may be warranted to elucidate the clinical regenace of our findings.

Hence, the clinical relevance of our results is unknown. Specific clinical studies are needed to define whether the decrease of clopidogrel antiplatelet activity may provide biological support for RF detrimental outcome of RF in diabetic patients.

Conclusions {#Sec12}
===========

In conclusion, the present study demonstrated that RF could induce an increase in clopidogrel resistance that seems to be related to a transient disturbance of glycemic control and lipid profile. The selective decrease response to antiplatelet agents during RF in diabetic patients in our study means that this population are at increased risk. This population might benefit from diagnostic testing of platelet function for whom we should better control lipid and glucose levels to adapt the dose of current medications such as statins and antidiabetics.
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